Down syndrome (DS) caused by trisomy of chromosome 21 is the most common genetic cause of intellectual disability. Although the prenatal diagnosis of DS has become feasible, there are no therapies available for the rescue of DS-related neurocognitive impairment. A growth inducer newly identified in our screen of neural stem cells (NSCs) has potent inhibitory activity against dual-specificity tyrosine phosphorylation-regulated kinase 1A (DYRK1A) and was found to rescue proliferative deficits in Ts65Dn-derived neurospheres and human NSCs derived from individuals with DS. The oral administration of this compound, named ALGERNON (altered generation of neurons), restored NSC proliferation in murine models of DS and increased the number of newborn neurons. Moreover, administration of ALGERNON to pregnant dams rescued aberrant cortical formation in DS mouse embryos and prevented the development of abnormal behaviors in DS offspring. These data suggest that the neurogenic phenotype of DS can be prevented by ALGERNON prenatal therapy.
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developmental disorder | Down syndrome | neurogenesis D own syndrome (DS) is the most common congenital cause of intellectual disability, occurring in 1 in every 757 live-born infants in the United States (1) . Although the level of DS-related disability ranges from mild to severe, DS nonetheless has a substantial impact on the life of affected individuals and parents and is associated with significant socioeconomic burden. The major cause of intellectual disability in DS is thought to be defects in neurogenesis that are already present during prenatal life (2, 3) . As DS is caused by trisomy of human chromosome 21, DS can be diagnosed through a prenatal chromosome analysis. Accordingly, prenatal therapy to normalize aberrant neurogenesis in the fetal DS brain is an awaited therapeutic option.
The largest region of human chromosome 21 is conserved in the orthologous region of mouse chromosome 16. Accordingly, several mouse models of DS such as the Ts65Dn and Ts1Cje models have been generated to study the etiology of DS (4) . Studies of these mice have reported prenatal brain abnormalities similar to those observed in human DS. Both Ts65Dn and Ts1Cje mice exhibit growth retardation in the neocortical wall due to impaired cell cycle arrest, resulting in compromised neuronal differentiation during embryogenesis (5, 6) . Aberrant neurogenesis has also been observed in adult DS model mice (7, 8) . Behaviorally, DS model mice display features relevant to human DS, including deficits in learning and memory (4) .
A number of educational approaches have been implemented for the therapeutic rehabilitation of cognitive disability in individuals with DS; however, an improved learning environment in the absence of any molecular intervention has limited utility for restoring DS-related intellectual disability (9) . Since neuronal alterations manifest prenatally, it can be hypothesized that pharmacological treatment during the prenatal period of brain development has the potential to fully rescue DS-related brain abnormalities and intellectual disability. To realize the possibility of a prenatal therapy for DS, we performed a screen of our kinase inhibitor-focused library for compounds promoting the growth of neural stem cells (NSCs) and identified compounds that enhance NSC proliferation through the inhibition of dual-specificity tyrosine phosphorylationregulated kinase 1A (DYRK1A), which is encoded in the DS critical region. One of these compounds, dubbed ALGERNON (altered generation of neurons), restored impaired NSC proliferation both in vitro and in vivo and prevented the development of learning deficits in DS model mice.
Results
Compound Screening. To perform an in vitro assessment of aberrant neurogenesis occurring in DS mice (7, 8) , we isolated and cultured NSCs from Ts65Dn DS model mice. Consistent with previous observations in vivo, neurosphere cultures prepared from DS mice showed delayed growth ( Fig. 1 A and B) relative to cultures prepared from WT mice. To identify compounds capable of reversing deficits in NSC proliferation, we screened our chemical library for compounds promoting NSC growth, assessed by measuring BrdU incorporation (Fig. 1C) . Compounds #679, #688, and #690 (Fig.  1F ) significantly increased the ratio of BrdU-positive cells ( Fig. 1 D  and E) . As our chemical library specifically targets kinases, we performed a panel assay of 309 kinases to evaluate the specificity of #688 and found that #688 was a selective inhibitor of the Significance Since Down syndrome (DS) is caused by trisomy of chromosome 21, prenatal diagnosis of DS is now possible. Nonetheless, parents of a fetus diagnosed with DS have only two choices: terminate the pregnancy or prepare to raise a child with a serious disability. We developed a new compound, ALGERNON (altered generation of neurons), to provide a third option to these parents. Treatment of pregnant dams with ALGERNON prevented morphological brain abnormalities including a thinned cortical plate. Remarkably, these offspring exhibited normal cognitive behavior compared with untreated offspring with DS. ALGERNON has therapeutic potential for treating not only DS, but also numerous neurodevelopmental disorders. This article is a PNAS Direct Submission. DYRK and CLK families (SI Appendix, Fig. S1 and Table S1 ). The effective bis (heteroaryl) compounds (Fig. 1F) showed ATPcompetitive IC 50 values of 0.128 μM (#679), 76.9 nM (#688), and 0.364 μM (#690) for DYRK1A (SI Appendix, Fig. S2 ). Of note, control compounds TG001 and TG009 (CLK inhibitors without inhibitory activity against DYRK1A) (10) did not increase BrdU incorporation (Fig. 1 D and E) . In DYRK1A-overexpressing cells, candidate compounds suppressed the phosphorylation of tau, a well-characterized substrate of DYRK1A (11) , in a dosedependent manner (SI Appendix, Fig. S3A ). The #688 also suppressed the phosphorylation of endogenous tau in primary hippocampal neurons (SI Appendix, Fig. S3B ), indicating that these compounds suppress endogenous DYRK1A.
DYRK1A Promotes NSC Proliferation. Since compounds promoting NSC proliferation showed potent inhibitory activity against DYRK1A, we examined the involvement of DYRK1A in NSC proliferation. We overexpressed GFP-DYRK1A in NSCs and labeled proliferating cells with BrdU ( Fig. 2A) . While ∼30% of GFP-expressing NSCs showed BrdU incorporation, minimal BrdU incorporation was observed in GFP-DYRK1A-expressing NSCs (Fig. 2B) , indicating that DYRK1A negatively regulated NSC proliferation. To confirm this finding, we delivered short-hairpin (sh) RNA against DYRK1A to murine-cultured neurospheres using lentiviral constructs. GFP coexpression was used to confirm construct delivery, and those shRNAs targeting either the coding sequence (hp#1) or the 3′ untranslated region (3′ UTR; hp#2) of mouse DYRK1A reduced DYRK1A expression (Fig. 2C) . Measurement of BrdU incorporation revealed that the depletion of DYRK1A enhanced NSC proliferation (Fig. 2D) . Together, these results clearly indicated that DYRK1A is a negative regulator of NSC proliferation.
DYRK1A Phosphorylates Cyclin D1 and Induces Its Degradation. To determine the mechanism by which DYRK1A negatively regulates NSC proliferation, we next investigated its effect on cyclins, given the observation that DYRK1A knockdown up-regulated the expression of cyclin D1 in NSCs (Fig. 2C) . The effect of DYRK1A inhibition on cyclin D1 expression is the most prominent among other cell cycle-regulating cyclins (SI Appendix, Fig. S4A ). We introduced expression vectors for GFP or Flag-DYRK1A with Myc-cyclin D1 into HEK293 cells and observed reduced Myc-cyclin D1 expression in Flag-DYRK1A-expressing cells relative to GFP controls (Fig. 2E) . Alternatively, overexpression of the kinasedead DYRK1A K188R mutant increased Myc-cyclin D1 expression (Fig. 2E ). Cytosolic cyclin D1 is constantly degraded via proteasome activity (12) (SI Appendix, Fig. S4B ), so we examined the effect of DYRK1A on cyclin D1 expression and phosphorylation at Thr286, an important phosphorylation site regulating its nuclear export. We observed that the DYRK1A-mediated reduction in Myc-cyclin D1 expression was abolished by a T286A mutation at Thr286, but not by the same mutation at Thr288 (Fig.  2F) . Thus, DYRK1A must phosphorylate cyclin D1 at Thr286 to induce its degradation. Next, we examined the effect of our newly identified DYRK1A inhibitors on cyclin D1 expression in vitro. Treatment of HEK293 cells with #679 or #688 dramatically increased cyclin D1 expression within 60 min (Fig. 2G) . Treatment with #679 or #688 also increased cyclin D1 expression in NSCs (Fig. 2H) , whereas control compounds TG001 and TG009 had no effects on cyclin D1 expression. These data indicate that DYRK1A is involved in proliferation through the regulation of cyclin D1 expression.
Suppression of DYRK1A Rescues Impaired NSC Proliferation in Murine
Models of DS and Human DS Cells. Next, we confirmed the ability of compound #688 to promote the growth of Ts65Dn-derived neurospheres. We observed an increased number of BrdU-positive cells in Ts65Dn-derived neurospheres that were treated with compound #688; moreover, the number of BrdU-positive cells was similar to that observed in WT neurospheres ( Fig. 3 A and B) .
We next investigated the proliferation rate of human fibroblasts derived from euploid (control) individuals and individuals with DS. DS-derived fibroblasts showed reduced proliferation (SI Appendix, Fig. S4C ), consistent with our observations in the murine DS model ( Fig. 1 A and B) . We examined the role of DYRK1A in human fibroblast proliferation by specific knockdown of DYRK1A and found that the repression of DYRK1A restored the proliferative capacity of DS-derived fibroblasts to a level comparable to that of euploid-derived fibroblasts (SI Appendix, Fig. S4C) .
Next, we examined whether treatment with #688 rescues impaired proliferation in DS-derived human fibroblasts. While DSderived fibroblast cultures (Tri#1 and Tri#2) showed significantly delayed growth, cultures treated with #688 showed growth values that approached euploid control values (SI Appendix, Fig.  S4D ). Additionally, a majority of DS-derived fibroblasts were in the G1 phase, whereas fewer cells were in the S and G2/M phases (SI Appendix, Fig. S4 E and F) . This is in agreement with our finding that DYRK1A phosphorylated cyclin D1 to regulate its expression level/degradation. Knockdown of DYRK1A in DSderived fibroblasts normalized the population of cells in the G1 phase to euploid control levels (SI Appendix, Fig. S4 E and  F) . Treatment of DS-derived fibroblasts with #688 produced similar results (SI Appendix, Fig. S4 G and H) . Taken together, these data indicated that #688 restores the proliferative capacity of NSCs derived from DS model mice, as well as human fibroblasts derived from individuals with DS. Furthermore, these results were confirmed in patient-derived NSCs/neural progenitor cells (NPCs) (Fig. 3 C and D) . We generated DS-NSCs/NPCs from induced pluripotent stem cells (iPSCs) of individuals with DS (Fig. 3C) . Trisomic NSCs/NPCs showed higher expression of DYRK1A mRNA and fewer Nestin-positive cells (Fig. 3C) , which is consistent with a previous observation (13) . Importantly, #688 treatment increased the population of Ki67-positive cells (Fig. 3D ) to disomic control levels and normalized the increased population of G1-phase DS-NSCs/NPCs as well (SI Appendix, Fig. S4I ). Thus, it is indicated that #688 rescued impaired proliferation in DS-derived human cells.
Compound #688 (ALGERNON) Enhances Neurogenesis in the Dentate
Gyrus of the Hippocampus. To evaluate the bioavailability of #688 in mice, we measured drug concentrations in plasma and brain tissue after different modes of administration (SI Appendix, Fig. S5 ). Compound #688 was maintained at a concentration above the effective dose in plasma for at least 4 h after oral administration (SI Appendix , Fig. S5B) ; moreover, concentrations of #688 were detected in the brain after both oral and s.c. administration at a dose of 10 mg/kg (SI Appendix, Fig. S5 A and C) .
Compound #688 was water-soluble up to 4 mg/mL in 5% Tween 80 (data not shown), and this solution was orally administered to mice for 10 d in drinking water. Mice were then injected with 5-ethynyl-2′-deoxyuridine (EdU) (50 mg/kg) on day 4 and BrdU (50 mg/kg) on day 10 (Fig. 4A, Upper) to label proliferating cells and subsequently killed 24 h after BrdU injection. EdU and BrdU incorporation were evaluated in the dentate gyrus of the hippocampus (Fig. 4A, Lower) . BrdU-positive cells were increased in the dentate gyrus of #688-treated mice (Fig. 4B) , suggesting that #688 promoted neurogenesis within 10 d after treatment initiation. Similar results were obtained in the analysis of EdUpositive cells, which were proliferating by day 4 and survived for an additional week (Fig. 4C) . Thus, the compound #688 was renamed ALGERNON (altered generation of neurons).
We next investigated whether newly generated cells could differentiate into neurons following ALGERNON treatment. ALGERNON (10 mg/kg, s.c.) was administered to mice followed by EdU injection on day 3 and BrdU injection on day 10, and mice were killed 24 h after BrdU injection (Fig. 4D, Upper) . EdU incorporation and the expression of doublecortin (DCX), which is transiently expressed in newborn cells during early neuronal differentiation, were analyzed. As expected, ALGERNON treatment significantly increased EdU-positive and BrdU-positive cells (Fig.  4 E and F) . Numbers of DCX-positive (Fig. 4G) and EdU/DCXdouble-positive cells (SI Appendix, Fig. S6A ) were also increased by ALGERNON treatment, indicating that new NSCs generated on day 3 differentiated into young neurons by day 10. Of note, the ratio of EdU/DCX double-positive cells was similar to that between ALGERNON-treated and vehicle-treated mice (SI Appendix, Fig. S6B ), indicating that ALGERNON did not suppress neuronal differentiation, but did enhance precursor proliferation. We analyzed EdU incorporation alongside the expression of NeuN, a marker of mature neurons, in the dentate gyrus of the hippocampus following ALGERNON treatment. Mice were killed 4 wk after EdU injection (SI Appendix, Fig. S6C, Upper) . The number of EdU/NeuN double-positive cells was increased (SI Appendix, Fig. S6D ), while the ratio of EdU/NeuN doublepositive cells was comparable between ALGERNON-treated and vehicle-treated mice (SI Appendix, Fig. S6E ), indicating that newborn neurons successfully differentiated into mature neurons after ALGERNON treatment. We further examined which type of NSCs in the subgranular zone of the dentate gyrus of the hippocampus responded to ALGERNON. We labeled radial glia-like NSCs with anti-GFAP immunolabeling and found that ALGERNON treatment more potently increased the BrdU/GFAP double-positive radial glial cells, which represent quiescent NSCs (SI Appendix, Fig. S6 F-H) .
We next asked whether ALGERNON could rescue impaired neurogenesis in the Ts1Cje mouse model of DS. We administered ALGERNON or vehicle to WT and Ts1Cje mice at 9 wk old for 12 d, injected BrdU on day 5, and killed them on day 13 (Fig. 4H,  Upper) . The analysis revealed that ALGERNON significantly increased the number of BrdU-positive (Fig. 4I) and BrdU/DCX double-positive cells (Fig. 4J) in the dentate gyrus of the hippocampus, indicating that ALGERNON treatment effectively enhanced neurogenesis in DS mice.
ALGERNON Rescues Cortical Formation in Ts1Cje
Embryos. Given that early defects in embryonic brain development are a critical component of dysfunction in DS, we analyzed embryonic cortical development in the Ts1Cje mouse model (Fig. 5A) . The neocortical layers consist of the ventricular zone/subventricular zone (VZ/SVZ), where the NSC/neural precursor cells reside (14) ; the intermediate zone (IZ), which contains migrating neurons and axon tracts; and the cortical plate (CP), which includes migrating and differentiating neurons. Analysis of Tuj1 staining in E13.3-E15.5 embryos demonstrated thinning of the neocortical wall in DS model embryos compared with WT embryos (Fig. 5B) . While there was no difference in the thickness of the VZ/SVZ between Ts1Cje and WT embryos, the IZ and CP were thinner in model embryos compared with WT embryos (Fig. 5B) .
To examine the utility of ALGERNON as a prenatal therapy for DS, we administered ALGERNON to pregnant DS model dams from E10 to E15 and examined the ability of ALGERNON to normalize impaired proliferation during development (SI Appendix, Fig. S7A, Upper) . Oral administration of ALGER-NON to pregnant dams successfully distributed ALGERNON to the developing brains of embryos (SI Appendix, Fig. S7A, Lower) . In an analysis of corticogenesis, we found that ALGERNON administration to dams rescued CP and IZ thinning observed in untreated DS model embryos to a level approximating that in WT embryos (Fig. 5 C-E) .
Prenatal ALGERNON Prevents the Development of Impaired Cognitive
Behaviors in Ts1Cje DS Model Mice. We next assessed whether behavioral abnormalities observed in DS model mice were normalized by prenatal ALGERNON therapy. Offspring treated with ALGERNON prenatally showed no difference in general neurologically regulated conditions such as body weight, rectal temperature, wire-hang ability, and grip strength (SI Appendix, Fig. S7 B-E). Trisomy mice showed decreased percentages of alternation in the Y-maze task, indicating an impairment in spontaneous exploration behavior; in contrast, ALGERNON-treated DS offspring showed improved percentage alternation scores compared with vehicle-treated trisomy mice (Fig. 6A) . We further examined a hippocampus-dependent spatial memory task, the Barnes maze.
In the acquisition phase, all groups learned the location of an escape box based on spatial cues (SI Appendix, Fig. S7F ). In probe tests, Ts1Cje trisomy mice showed impaired spatial memory compared with WT mice (Fig. 6B) ; moreover, ALGERNONtreated DS offspring performed better than vehicle-treated DS mice (Fig. 6B , Left graph), and improved learning was also confirmed in the reversal learning test (Fig. 6B , Right graph). Associative learning was tested with fear conditioning. In Ts1Cje DS mice, cued fear memory was not altered, but hippocampusdependent contextual memory was impaired with respect to WT mice (Fig. 6C) ; this is consistent with a previous report in another DS model, Ts65Dn (15) . ALGERNON-treated DS offspring did not exhibit impairments in contextual fear learning compared with WT mice (Fig. 6C) . We analyzed whether prenatal treatment was capable of rescuing adult neurogenesis in the brains of offspring after the behavior tests. Prenatal treatment rescued the malformation of corticogenesis during brain development (Fig. 5 C-E) , but not the altered neurogenesis in trisomic offspring (SI Appendix, Fig. S7G ). These data strongly suggest that ALGERNON therapy in the embryonic developmental stage prevented deficits in cognitive brain function related to the DS model.
Discussion
In the present study, we sought to develop compounds that can restore impaired neurogenesis in DS/DS models and identified a DYRK1A inhibitor, ALGERNON. By using ALGERON, we demonstrated that balancing DYRK1A activity can restore aberrant brain development and prevent cognitive deficits in DS model mice. Epigallocatechin gallate (EGCG), a catechin found in green tea, has also been reported to inhibit Dyrk1A (16);
however, EGCG has profound influences on many other signaling pathways as an antioxidant/metal chelator and known inhibitor of proteasomes, matrix metalloproteinase, dihydrofolate reductase, DNA methyltransferase, topoisomerase II, and telomerase (17, 18) . De la Torre et al. (19) reported that EGCG treatment improved learning deficits in Ts65Dn mice, but two recent studies refuted the former study (20, 21) . Harmine is also known to inhibit DYRK1A, but produces serious adverse effects including hallucinations due to its monoamine oxidase (MAO)-A inhibitory activity, which occurs at a much lower dose than that required for DYRK inhibition (IC 50 < 1 nM). In the present study, we tested the ability of ALGERNON to inhibit MAO-A activity and confirmed that the IC 50 value of ALGERNON for MAO-A is much higher than the effective dose for DYRK1A (SI Appendix, Fig.  S8 ). Thus, ALGERNON appears to provide effective DYRK1A inhibition without the promiscuity of EGCG or side effects of harmine. DYRK1A phosphorylates various proteins including tau, cyclin D1, caspase-9, Notch, Gli1, Sprouty2, and the CTD of Poll II (22) . The diversity of DYRK1A substrate proteins and the overt pathology caused by gene dosage imbalance suggest that DYRK1A is a key signaling integrator. The fact that DYRK1A has many substrates, including cyclin D1, raises the concern that the inhibition of DYRK1A with ALGERNON treatment, especially during a critical period of brain development, may produce side effects affecting growth and proliferation of many tissues. Importantly, offspring administered ALGERNON in utero showed no differences in body weight, rectal temperature, righting reflex, whisker twitch, ear twitch, reaching behavior, wire-hang performance, grip strength, and reaction to noise (key jangling) (SI Appendix, Fig. S7 B-E) . Considering that the main role of DYRK1A is regulating brain development, the effects of ALGERNON treatment on other tissues are likely to be considerably smaller than those on neural development. In addition, we confirmed that repetitive administration of ALGERNON to adult mice for at least 7 wk did not alter the increase in body weight and amount of food consumption significantly from those values in vehicle control animals (SI Appendix, Fig. S9 A and B) . We saw no abnormal neurological behaviors after 4 wk of ALGERNON administration (SI Appendix, Fig. S9 C-E). We also quantified the level of cleaved caspase-3 in the dentate gyrus of the hippocampus, since it could be activated through the inhibition of DYRK1A, given that caspase-9 is a reported substrate of the protein (23) . However, no significant difference was observed (SI Appendix, Fig. S6I ).
Moreover, DYRK1A has been reported to regulate neural differentiation (24) , raising the possibility that inhibition of DYRK1A suppresses the generation of mature neurons. Indeed, NSC cultures treated with #688/ALGERNON for 4 d showed a reduced ratio of Tuj1-positive cells, a neuronal differentiation marker (SI Appendix, Fig. S6J ). This seems reasonable if #688 keeps NSCs from proliferating, and thus represses differentiation, especially in vitro where the compounds are not metabolized. In our hands, s.c. ALGERNON at the described dose increased the number of proliferating cells without affecting the rate of differentiation or number of differentiated cells compared with vehicle-treated animals (Fig. 4 G-J and SI Appendix, Fig. S6 A-E) in contrast to in vitro experiments. One possible explanation for this observation is that the concentrations of ALGERNON used in this study were sufficient to stabilize cyclin D1 and enhance NSC proliferation, but did not suppress neuronal differentiation because of a short pharmacokinetic duration. We confirmed this by washing out #688 from NSC cultures in vitro after 2 d of initial differentiation. This resulted in normal differentiation of the NSCs treated with #688 initially (SI Appendix, Fig. S6J ). This suggests that #688 promotes proliferation but does not affect differentiation. Thus, ALGERNON may have utility for the treatment aberrant brain development caused by imbalanced DYRK1A expression. Importantly, this is a successful case of prenatal therapy promoting neurogenesis during brain development. Notably, Zika virus infection is associated with an increased rate of microcephaly, and DYRK1A is reported to be up-regulated in Zika-infected human NPCs that exhibit dysregulated cell cycle progression and attenuated growth (25) . Although the direct pathogenic link between Zika virus-induced microcephaly and up-regulated DYRK1A has yet to be elucidated, ALGERNON may also be applicable for the prevention or rescue of Zika virus-associated microcephaly. In addition, adult neurogenesis persists throughout life (26) as a dynamic and highly regulated process that is modulated by various physiological and pathological factors. Neurogenesis facilitates the formation of new neural circuits in the adult brain by supplying new neurons to existing circuits in response to learning, pharmacological treatment, traumatic brain injury, and other stimuli (27, 28) . Based on our finding that ALGERNON enhances adult neurogenesis in vivo, ALGERNON treatment may offer a new opportunity for the direct modification of basic brain tissue structure and function. Thus, ALGERNON has therapeutic potential not only for the treatment of DS, but also for a wide range of disorders involving progressive or permanent neuronal loss such as neurodegenerative diseases and traumatic brain injury.
Methods
Screening for Growth Inducers. Screening was performed against our kinasefocused library of 717 compounds (29) (30) (31) . Detailed information is available in SI Methods.
Study Approval. All animal protocols were reviewed and approved by the Animal Research Committee, Graduate School of Medicine, Kyoto University.
Immunohistochemistry. Male adult mouse brains were fixed in 4% paraformaldehyde, and 40-μm sections were cut with a vibratome (Leica). To collect embryonic brains, embryos were perfused with PBS, and brains were removed and immersed in 4% paraformaldehyde for 1 h. After equilibrating in 30% sucrose/PBS, 20-μm frozen sections were cut with a cryostat (Leica). After antigen retrieval using HistoOne (Nacalai Tesque), tissues were stained with anti-BrdU (Santa Cruz), anti-DCX (CST), anti-NeuN (Millipore), anti-Tuj1 (Covance), and anti-SOX2 (Millipore). Nuclei were stained using Hoechst reagent (Nacalai Tesque). EdU staining was performed using the Click-iT EdU Alexa Fluor 555 Imaging Kit (Life Technologies) according to the manufacturer's instructions. Images were captured using a confocal microscope (SP8; Zeiss). Quantification was performed on every sixth section by an operator blinded to the conditions. The layers adjacent to both the upper (closest to the glass slide) and lower surfaces (closest to the coverslip) were excluded from quantification to avoid double-counting errors. The number of counted cells was multiplied by six to provide an estimate of the number of cells in the dentate gyrus.
Statistics. Results obtained from more than three experiments are expressed as the mean ± SEM. Statistically significant differences were determined using a two-tailed, unpaired Student's test or one-way analysis of variance (ANOVA) followed by a Tukey-Kramer comparison test. A P value of less than 0.05 was considered to be significant and marked with a single asterisk (*); a P value less than 0.01 was marked with a double asterisk (**).
